The western part of the NCC consists of the Yinshan and Ordos blocks and the Khondalite Belt (Zhao and others, 2005) (fig. 1 ). The Alxa Block is generally thought to be the western extension of the Yinshan Block in the westernmost NCC (Zhao and others, 2005) . It is largely covered by Cenozoic sediments, and the outcrops of pre-Neoproterozoic crystalline basement rocks are only seen in the southwestern and eastern parts of the block ( fig. 2) . The oldest rocks, exposed in the poorly dated Beidashan Complex ( fig. 2 ), are ϳ2.5 Ga granitic gneisses (Gong and others, 2012) . The Longshoushan Complex, exposed in the southwestern Alxa Block, is composed of amphibolite-facies metamorphosed igneous rocks formed at ca. 2.2 to 1.9 Ga, and greenschist-facies meta-sedimentary rocks of Ͻ1.72 Ga (Tung and others, 2007; Gong and others, 2011) . It was unconformably covered by the Mesoproterozoic to Neoproterozoic sedimentary rocks (GSBGMR, 1989) . The Diebusige and Bayanwulashan complexes ( fig. 2) , exposed in the eastern part of Alxa Block, were previously thought to be the Archean basement rocks in the Alxa Block (Huo and others, 1987; NMBGMR, 1991) . Our recent work demonstrated that these complexes were formed during the Early Paleoproterozoic, and underwent two events of metamorphism at ϳ1.90 Ga and ϳ1.80 Ga (Dan and others, 2012b) . The Mesoproterozoic medium-to low-grade metamorphosed sedimentary sequences were redefined as the Alxa Group (Geng and others, 2007) . The Alxa Group was unconformable covered by unmetamorphosed to very low-grade metamorphosed sedimentary sequences (that is, quartzite, slate, dolomite and limestone) (NMBGMR, 1991; Chen and others, 2004) , which were probably formed during the Neoproterozoic (Li, ms, 2006) . Geng and others (2002) first recognized Neoproterozoic age (970-845 Ma) granites in three localities within the Alxa Block. Apart from one granitic dike of 30 m wide located in the Gelintaishan, the remaining two Neoproterozoic granite plutons occurred at the Dabusushan and Naimumaodao ( fig. 3 ). 
field geology and sample descriptions
The Dabusushan pluton, the largest Neoproterozoic granite pluton in the Alxa Block, crops out over an area of 25 km 2 . It consists of gneissic two-mica granites containing biotite (2-10 vol.%), muscovite (5-10 vol.%), K-feldspar (30-45 vol.%), 
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Dating site of plagioclase (10-30 vol.%, An ϭ 10-30) and quartz (30-40 vol.%), as well as trace amount of magnetite, apatite and zircon. The Naimumaodao pluton crops out over an area of 7 km 2 to the northwest of the Dabusushan pluton. It also consists of gneissic two-mica granites, containing biotite (2-10 vol.%), muscovite (2-10 vol.%), K-feldspar (40-50 vol.%), plagioclase (10-30 vol.%, An ϭ 10-30) and quartz (20-30 vol.%), as well as trace amounts of tourmaline, magnetite, apatite, zircon and monazite (figs. 4A and 4B). The two-mica granites from the Dabusushan and Naimumaodao plutons were recently dated at 913 Ϯ 7 Ma and 921 Ϯ 7 Ma, respectively, by LA-ICPMS zircon U-Pb technique . Both plutons underwent strong deformation as (C, D) showing the feldspars were split and filled with quartz; (E, F) Gelintaishan amphibolitic gneisses. The mineral abbreviations are after Kretz (1983). seen in the gneissic structure defined by parallel-oriented mica and augen feldspar crystals. Under microscope, a few feldspars were split and filled with quartz (figs. 4C and 4D). Two samples (09AL53 and 09AL62) from the Dabusushan pluton and one (09AL101) from the Naimumaodao pluton were selected for in situ zircon U-Pb dating and Hf-O isotopic analyses. The sample sites are shown in figure 3 .
Gelintaishan
In addition, a gneissic biotite granitic dike intruded the Deerhetongte Formation of Alxa Group at Gelintaishan ( fig. 3 ) was dated at 904 Ϯ 7 Ma by LA-ICPMS zircon U-Pb technique . We collected an amphibolitic gneiss sample (09AL93) from the Deerhetongte Formation ( fig. 3) for in situ zircon U-Pb dating and Hf-O isotopic analysis. The amphibolitic gneiss is interfingered with mica-quartz schist, and it underwent strong deformation and metamorphism to amphibolite facies (figs. 4E and 4F). Geochemical characteristics suggest that the amphibolitic gneiss was of metasedimentary origin (see below).
analytical procedures

Whole-rock Geochemistry
Major element oxides were analyzed on fused glass beads using a Rigaku RIX 2000 X-ray fluorescence spectrometer at the Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. Calibration lines used in quantification were produced by bivariate regression of data from 36 reference materials encompassing a wide range of silicate compositions (Li and others, 2005) . Analytical uncertainties are between 1 percent and 5 percent. Trace elements were analyzed using an Agilent 7500a ICP-MS at the Institute of Geology and Geophysics, Chinese Academy of Sciences (IGG-CAS), Beijing. Analytical procedures were similar to those described by Li and others (2000) . About 50 mg of each powdered sample were dissolved in a high-pressure Teflon bomb for 48 hours using a HFϩHNO 3 mixture. An internal standard solution containing the single element Rh was used to monitor signal drift during counting. A set of USGS and Chinese national rock standards, including BHVO-2, BIR-1, AGV-2, RGM-2, GSP-2, JG-1 and JG-2 were chosen for calibration. Analytical precision typically is better than 5 percent. Geochemical results are presented in table 1.
Nd isotopic compositions were determined using a Micromass Isoprobe multicollector ICP-MS at IGG-CAS, and analytical procedures were similar to those described by Li and others (2004) . Nd fractions were separated by passing through cation columns followed by HDEHP columns. 
Zircon U-Pb Dating
Zircon concentrates were separated from approximately 2-kg rock samples by conventional magnetic and density techniques to concentrate non-magnetic, heavy fractions. Zircon grains, together with zircon standards 91500, Plešovice, and Penglai were mounted in epoxy resin mounts, which were then polished to section the crystals in half for analysis. All zircons were documented with transmitted and reflected light photomicrographs, as well as cathodoluminescence (CL) images, to reveal their internal structures.
Measurements of U, Th and Pb were conducted using the Cameca IMS-1280 at IGG-CAS. U-Th-Pb ratios were determined relative to the standard zircon Plešovice (Sláma and others, 2008) , and their absolute abundances were calibrated to the standard zircon 91500 (Wiedenbeck and others, 1995) , using operating and data processing procedures similar to those described by Li and others (2009a) . The O 2 Ϫ primary ion beam was accelerated at 13 kV, with an intensity of ca. 8 nA. The ellipsoidal spot is about 20ϫ30 m in size. Positive secondary ions were extracted with a 10 kV Pb. Corrections were sufficiently small to be insensitive to the choice of common Pb composition, and an average of present-day crustal composition (Stacey and Kramers, 1975) was used for the common Pb, assuming that the common Pb was largely surface contamination introduced during sample preparation. Uncertainties on individual analyses in the data tables are reported at a 1 level. Mean ages for pooled U/Pb and Pb/Pb analyses are quoted with 2 and/or 95 percent confidence intervals. The weighted mean U-Pb ages and Concordia plots were processed using Isoplot/Ex v.3.0 program (Ludwig, 2003) . SIMS zircon U-Pb isotopic data are presented in table 3.
The LA-ICPMS U-Pb dating for detritus zircons from the amphibolitic gneiss (sample 09AL93) was conducted using an Agilent 7500a ICP-MS with an attached 193 nm excimer ArF laser-ablation system (GeoLas Plus) at IGG-CAS. The analytical procedures are similar to those described by Xie and others (2008) . Before analysis, the sample surface was cleaned with ethanol to eliminate possible contamination. The parameters were 32 m spot size and 8 Hz repetition rate in this study. Every 10 unknown analyses were followed by measurements of two zircon 91500, two GJ-1 and one NIST SRM 610 standards.
207 Pb/ 206 Pb and 206 Pb/ 238 U ratios were calculated using the ICPMSDataCal software others, 2010a, 2010b) , using the zircon standard 91500 as an external standard. Common Pb was corrected according to the method (continued) (continued) (continued) (continued) (continued) (continued) Pb. All spots analyzed by SIMS apart from spots 30 -108 of 09AL93 and GJ-1 by LA-ICPMS.
proposed by Anderson (2002) . The weighted mean U-Pb ages and Concordia plots were processed using Isoplot/Ex v.3.0 program (Ludwig, 2003) . Analyses of the zircon standard GJ-1 as an unknown yielded a weighted mean 206 Pb/ 238 U age of 605 Ϯ 4 Ma (2, nϭ17), which is in good agreement with the recommended value (Jackson and others, 2004) . LA-ICPMS zircon U-Pb isotopic data are presented in table 3.
Zircon Oxygen Isotopes
Zircon oxygen isotopes were measured using the same Cameca IMS-1280 SIMS at IGG-CAS. The original mounts were re-ground and polished to remove any trace of the analytical pits after U-Pb dating. Measurements were made using a primary beam of 133 Cs ϩ ions accelerated at 10 kV, with an intensity of ϳ2 nA, focused to a diameter of approximately 10 m on the same area of the grains that were previously analyzed for dating. An electron flood gun was used for charge compensation during analysis. Oxygen isotopes,
18
O and 16 O, were measured simultaneously in multi-collector mode using two off-axis Faraday cups. The detailed analytical procedures were similar to those described by Li and others (2010b) .
The measured oxygen isotopic data were corrected for instrumental mass fractionation (IMF) using the Penglai zircon standard (␦ 18 O VSMOW ϭ 5.3‰) (Li and others, 2010c) . The internal precision of a single analysis was generally better than 0.2 permil (1 standard error) for the 18 O/
16
O ratio. The external precision, measured by the reproducibility of repeated analyses of Penglai standard is better than 0.50 permil (2SD, n ϭ 58).
Five measurements of the zircon standard 91500 during the course of this study yielded a weighted mean of ␦ 18 O ϭ 10.3 Ϯ 0.4 permil (2SD), which is consistent within errors with the reported value of 9.9 Ϯ 0.3 permil (Wiedenbeck and others, 2004) . Zircon oxygen isotopic data are listed in table 4.
Zircon Lu-Hf Isotopes
In situ zircon Lu-Hf isotopic analyses were carried out on a Neptune multicollector ICP-MS equipped with a Geolas-193 laser-ablation system at IGG-CAS. Lu-Hf isotopic analyses were conducted on the same zircon grains that were previously analyzed for U-Pb and O isotopes, with ablation pits of 60 m or 44 m in diameter, ablation time of 26 seconds, repetition rate of 8 Hz, and laser beam energy density of 10 J/cm 2 . Detailed analytical procedures were similar to those described by Wu and others (2006 (continued) sample 09AL66 that have the lowest abundances of total REE and positive Eu anomaly ( fig. 6A ), which is likely attributed to apatite fractionation and feldspar accumulation. In the primitive mantle-normalized spidergram, the granites show strong enrichment in Th, but pronounced negative anomalies in Nb, Ta, P and Ti relative to the neighbor elements ( fig. 6B ).
Nine samples were selected for whole rock Sm-Nd isotope analyses. The Dabusushan and Naimumaodao two-mica granites have ε Nd (t) values ranging from Ϫ10.1 to Ϫ4.5 and Ϫ5.8 to Ϫ5.3, corresponding to two-stage Nd mode ages (T 2DM ) of 2.38 to 1.93 Ga and 2.05 to 2.01 Ga ( fig. 7) , respectively.
The Gelintaishan amphibolitic gneiss.-Two amphibolitic gneisses samples from the Gelintaishan were analyzed for major and trace elements. They show low values in SiO 2 (48.8-52.5 wt.%), TiO 2 (0.54-0.85 wt.%), K 2 O (2.2-3.1 wt.%), Na 2 O (0.37-0.39 wt.%) and Fe 2 O 3 T (4.1-4.9 wt.%), high values in MgO (13.0-13.3 wt.%) and CaO (13.5-19.0 wt.%), and variable Al 2 O 3 values (7.7-14.4 wt.%). They have similar REE partition patterns showing LREE enrichment and moderate negative Eu anomalies ( fig. 6C ). In the primitive mantle-normalized spidergram, these two gneisses show strong enrichment in Th, but pronounced negative anomalies in Nb, Ta, P and Ti relative to the neighbor elements ( fig. 6D ).
The characteristics of high CaO and MgO but extreme depletion in Cr, Ni and Fe 2 O 3 T of the amphibolitic gneisses are different from those of igneous basaltic rocks (Rollinson, 1993 (Shaw, 1972) . This chemical discrimination is consistent with their intercalation with other metasedimentary rocks in the field.
Zircon U-Pb Ages The Dabusushan two-mica granite (09AL53 and 09AL62
).-Zircon grains separated from sample 09AL53 are mostly euhedral to subhedral, with lengths of ϳ100 to 250 m, and length to width ratios of 2:1 to 4:1. Most grains show oscillatory zoning under (Misra, 1971) for distinguishing meta-igneous from metasedimentary rocks.
analytical errors ( fig. 10A ), yielding a weighted mean 206 Pb/ 238 U age of 914 Ϯ 6 Ma (MSWD ϭ 0.23, 95% confidence interval), which is interpreted as the crystallization age of this sample. Two analyses (spots 1.2 and 4.1) show slightly younger ages than the main population, probably due to radiogenic Pb loss. Spot 6.1 has a 206 Pb/ 238 U age of 960 Ϯ 13 Ma, which is considered as the formation age of a xenocryst.
Most zircon grains from sample 09AL62 are euhedral to subhedral, with lengths of ϳ100 to 250 m, and length to width ratios of 2:1 to 3:1. Most grains show oscillatory zoning under CL ( fig. 9 ). Twenty analyses were obtained from 20 grains, yielding U and Th contents of 83 to 426 ppm and 19 to 206 ppm, respectively, with Th/U ratios of 0.14 to 1.33. Among them, fourteen analyses have concordant U-Pb ages within analytical errors ( fig. 10B) , yielding a weighted mean 206 Pb/ 238 U age of 909 Ϯ 7 Ma (MSWD ϭ 0.54, 95% confidence interval), which is interpreted as the crystallization age of this sample. The remaining six analyses show slightly younger ages than the main population, probably due to radiogenic Pb loss.
The Naimumaodao two-mica granite (09AL101).-Most zircon grains from this sample are euhedral to subhedral, with lengths of ϳ100 to 250 m and length to width ratios of ϳ2:1, and show oscillatory zoning under CL ( fig. 9 ). Twenty-two analyses were 238 U age of 929 Ϯ 6 Ma (MSWD ϭ 0.83, 95% confidence interval) ( fig. 10C ), which is interpreted as the crystallization age of this sample. Spots 7, 11 and 12 yielded significantly old
207
Pb/ 206 Pb ages of 1613 Ma, 1590 Ma and 1827 Ma, respectively, which are interpreted to be the formation age of xenocrysts. The remaining two analyses (spots 2 and 8) show slightly younger ages than the main population, probably due to radiogenic Pb loss.
The Gelintaishan amphibolitic gneiss (09AL93).-Zircon grains separated from this sample have lengths of ϳ50 to 100 m and length to width ratios of ϳ2:1. The crystal morphologies vary from euhedral, stubby and sub-rounded, and most zircons show oscillatory zones under CL ( fig. 9 ). Twenty-nine and 79 analyses were obtained from 108 grains by SIMS and LA-ICPMS technique, respectively, yielding U and Th contents of 20 to 675 ppm and 40 to 706 ppm, respectively, with Th/U ratios of 0.08 to 2.14.
On the U-Pb Concordia diagram, all but two analyses plot at or near the Concordia curve ( fig. 10D ). Three analyses are older than 2.0 Ga, and the remaining 105 analyses yield 207 Pb/ 206 Pb ages between 1844 and 901 Ma, with four major age peaks at ϳ0.91 Ga, ϳ1.19 Ga, ϳ1.42 Ga and ϳ1.84 Ga (fig. 10E ). Nine youngest analyses have concordant U-Pb ages within analytical errors, yielding a weighted 206 Pb/ 238 U age of 914 Ϯ 8 Ma (MSWD ϭ 1.17, 95% confidence interval) ( fig. 10F ). These zircons have Th/U Ͻ 1, consistent with zircons crystallized from felsic melts (Heaman and others, 1990) . Thus, they are most likely detritus in origin, and their age of 914 Ϯ 8 Ma provides a maximum depositional age of the Deerhetongte Formation.
Zircon Hf-O Isotopes
The Dabusushan and Naimumaodao granites.-In situ LA-MC-ICPMS Lu-Hf isotopic analyses were conducted on the zircon grains that were previously analyzed for U-Pb and O isotopes by SIMS. The magmatic zircons have age-corrected ε Hf (t) values ranging from Ϫ3.4 to ϩ3.8, Ϫ6.2 to ϩ0.8 and Ϫ2.9 to ϩ0.3, corresponding to two-stage zircon Hf model ages (T DM C ) of 2.01 to 1.55 Ga, 2.18 to 1.74 Ga and 1.99 to 1.79 Ga, for samples 09AL53 and 09AL62 from the Dabusushan pluton and sample 09AL101 from the Naimumaodao pluton, respectively (table 4).
The measured ␦
18
O values for magmatic zircons from these Neoproterozoic granites show a wide range of 8.2 to 12.1 permil, 9.2 to 12.1 permil, and 8.6 to 12.1 permil for samples 09AL53, 09AL62 and 09AL101, respectively. All the measured ␦ 
Granite Classification and Petrogenesis
As aforementioned, classification of the Neoproterozoic granites in the Alxa Block is controversial. The Dabusushan and Naimumaodao granites were previously classified as S-type granites based on their peraluminous characteristics (Geng and others, 2002) , such as Ͼ1 percent normative corundum, but recently re-classified as A-type granites based on other trace element characteristics (Geng and Zhou, 2011) . It is noteworthy that these granites are highly evolved, with SiO 2 ϭ 74 to 80 weight percent, thus, proper classification based on mineralogy and chemical compositions is usually ambiguous (for example, Li and others, 2007) . On the other hand, apatite shows different solubility in the strongly peraluminous S-type and metaluminous to weakly peraluminous I-and A-type granitic melts. P 2 O 5 contents in the I-and A-type granites decrease with increasing SiO 2 , whilst P 2 O 5 contents in S-type granites are either roughly constant or slightly increase with increasing SiO 2 contents because apatite is generally under-saturated in strongly peraluminous melts due to its high solubility (for example, Chappell, 1999; Li and others, 2007; Bonin, 2007) . The Dabusushan and Naimumaodao granites have high P 2 O 5 abundance (mostly between 0.09 wt.% and 0.86 wt.%) at SiO 2 content even up to 80 weight percent (table 1, fig. 5A ), which is different in comparison to the P 2 O 5 abundance of highly evolved peraluminous I-and A-type granites, but similar to those of the S-type granites in the South China and Lachlan Fold Belt in Australia (Chappell, 1999; Li and others, 2007 Chappell, 1977) . Xenocryst zircons are common in these samples (this study , similar to most S-type granites (for example, Keay and others, 1999) . All these lines of evidence indicate that these Neoproterozoic granites can be classified as S-type granites. This is consistent with melts derived from metagraywackes or metapelites ( fig. 12 ). Although 13 ) and low (Zr ϩNb ϩCe ϩY) contents (Ͻ350 ppm) (this study . Thus, they should not be classified as A-type granites (Bonin, 2007) .
In recent years, some researchers reported that a few S-type granites contain mantle-derived materials (for example, Healy and others, 2004; Zhu and others, 2009) and/or intracrustal components based on in situ zircon Hf-O isotopes (Appleby and others, 2010) . The granites in this study have zircon ␦ 
Tectonic Setting for the Neoproterozoic S-type Granites
The Neoproterozoic granites in the Alxa Block were previously considered to have been formed either in a syn-collisional, or post-collisional setting (Geng and others, 2002; Geng and Zhou, 2011) . It is noted that the S-type granites can also be formed in non-orogenic settings (for example, Li and others, 2003; Collins and Richards, 2008) . For instance, the ca. 825 to 820 Ma S-type granites in South China are interpreted to be formed by remelting of supracrustal components related to mantle plume activities (for example, Li and others, 2003) . This possibility, however, can be ruled out for the genesis of the Neoproterozoic S-type granites in the Alxa Block, because (1) the coeval basaltic rocks which are predominant in the large igneous provinces (LIPs) are not observed in this area, and (2) mantle plume or superplume in the Alxa Block or adjacent areas. Furthermore, these granites underwent strong deformation, especially the sub-solidus deformation, suggesting they were formed in a compressional environment (Paterson and others, 1989; Bouchez and others, 1992) .
An alternative possibility is that these Neoproterozoic S-type granites were formed in the continental arc, such as that in the Lachlan Fold Belt in Australia (for example, Chappell and White, 1992) . The S-type granites formed in this tectonic setting commonly contain some mantle-derived melts and/or intracrustal materials (for example, Healy and others, 2004; Zhu and others, 2009 ), or sometimes they are sourced from relatively young volcanogenic meta-sedimentary rocks (for example, Jeon and others, 2012) . In contrast, the early Neoproterozoic S-type granites in the Alxa Block were produced by remelting of predominantly mature supracrustal materials. Coeval I-type granites, which are commonly considered to be produced in subduction zones (Barbarin, 1999) , have not been recognized in the region. It is noted that five detrital zircons dated at ca. 914 Ma from the amphibolite sample 09AL93 have ␦
18
O value of 7.3 to 7.9 permil, which are consistent with those of zircon ␦
O values for most I-type granites, but clearly lower than the zircon ␦
O value of 8.2 to 12.1 permil for the studied Neoproterozoic S-type granites. These zircons are all rounded in shape ( fig. 9) , suggesting a long-distance transportation from their sources. Thus, until now, no evidence suggests that coeval, arc-related I-type granites exist in the Alxa Block, although the continental arc setting for the Neoproterozoic S-type granites cannot be entirely excluded.
Based on the available data, the Alxa Neoproterozoic S-type granites were most likely generated by remelting of dominant (meta)sedimentary rocks in an orogenesisrelated compressional environment. This interpretation is consistent with the regional angular unconformity between the metamorphosed Alxa Group and un-metamor- (Eby, 1990) , with six added data from Geng and Zhou (2011). phosed Neoproterozoic sedimentary sequences (NMBGMR, 1991; Chen and others, 2004) , although the age of this unconformity is not exactly defined.
Implication for the Tectonic Affinity of Alxa Block
The Alxa Block has long been thought as the westernmost part of NCC (Ren and others, 1987; Wu and others, 1998; Kusky and Li, 2003; Zhao and others, 2005) , with the Archean basement rocks exposed in the eastern margin of the Alxa Block (NMBGMR, 1991) . However, recent SIMS U-Pb zircon dating results indicate that both the Bayanwulashan and the Diebusige complexes, which were considered as the oldest rocks of the Alxa Block (NMBGMR, 1991) , were formed in the Early Paleoproterozoic, not Archean (Dan and others, 2012b) . Thus, we suggested that the Alxa Block is neither the western extension of the Archean Yinshan Block (Zhao and others, 2005; Zhao, 2009) , nor part of the Late Paleoproterozoic Khondalite Belt (Dong and others, 2007; Geng and others, 2010) based on their discrepancy in the Paleoproterozoic geology (Dan and others, 2012b) . However, the newly-identified ϳ2.5 Ga granitic gneisses in the western Alxa Block and ϳ1.85 Ga metamorphism in the Beidashan and Longshoushan complexes others, 2011, 2012) imply that the Alxa Block might be a part of the NCC or adjacent to the NCC during assembly of the Columbia supercontinent. Thus, the relationship between the Alxa Block and the NCC during the Paleoproterozoic time awaits further investigations.
Our integrated U-Pb and Hf-O data in this study suggest that the Neoproterozoic geology in the Alxa Block is different from the NCC. The Neoproterozoic mafic dykes mostly formed at ca. 925 to 900 Ma in the central and eastern NCC (Gao and others, 2009; others, 2011a, 2011b; Wang and others, 2012a) , which are considered as a part of a large igneous province (Peng and others, 2011a) . A younger ca. 830 Ma mafic magmatism, identified in the southern margin of the NCC, was also considered as the manifestation of continental break-up (Wang and others, 2011 There is a sharp contrast in the age patterns of detrital zircons from the Meso-Neoproterozoic metasedimentary rocks between the Alxa Block and the NCC. The detrital zircon ages from the Alxa Block are mostly around ϳ1.85 to 0.91 Ga (only 4% of detrital zircons are older than 1.85 Ga), with peaks at ϳ965 Ma, ϳ1117 Ma, ϳ1199 Ma and ϳ1433 Ma ( fig. 15C ). In contrast, the detrital zircon ages from the NCC are mostly between ϳ2.8 Ga and 1.2 Ga, with age peaks at ϳ2.7 Ga, ϳ2.5 Ga and ϳ1.85 Ga (for example, Hu and others, 2009; Wan and others, 2011; Sun and others, 2012) . In the Zhuozishan area of western NCC, adjacent to the Alxa Block ( fig. 2) , the detrital zircon ages from the Mesoproterozoic-Cambrian sedimentary rocks are ϳ2.8 to 1.7 Ga, with peaks at ϳ2.7 Ga, ϳ1.95 Ga, ϳ2.0 to 2.1 Ga and ϳ2.37 Ga ( fig. 15A ) (Darby and Gehrels, 2006) . Thus, the detrital zircon population from the Meso-Neoproterozoic strata in the Alxa Block is clearly in contrast to the NCC. The small portion of Ͼ1.85 Ga detrital zircons in the Alxa Block suggests limited Paleoproterozoic rocks exposed in this block, implying that most of the Alxa Block could have been formed later than the Archean NCC.
Thus, the Alxa Block is likely a separated terrane from the NCC at least during the Late Precambrian time. The timing of the assemblage between the Alxa Block and NCC can be inferred from comparison of detrital zircon age patterns from the Mesoproterozoic-Early Paleozoic strata between the western margin of the NCC and the Alxa Block (Darby and Gehrels, 2006; Zhang and others, 2012) . In the Zhuozishan area ( fig. 2 ), all detrital zircon ages from the Mesoproterozoic-Cambrian Ordovician sedimentary rocks are older than 1.7 Ga ( fig. 15A) , and the Ordovician sediments show two additional age peaks at ϳ2.7 Ga and ϳ2.6 Ga ( fig. 4 in Darby and Gehrels, 2006) , implying a different provenance. In contrast, the detrital zircons from the Helanshan Ordovician sediments are mostly between 1.2 and 0.9 Ga (Zhang and others, 2012) , with obvious age peak at ϳ910 Ma and ϳ955 Ma ( fig. 15B ). These results suggest that the provenances for the sedimentary rocks in the western margin of the NCC changed significantly in a short time between Cambrian and Ordovician. The detrital age pattern from the Helanshan Ordovician sediments, especially the predominantly ages between 1.2 and 0.9 Ga ( fig. 15B) , is similar to that of the Meso-Neoproterozoic sedimentary rocks from the Alxa Block ( fig. 15C ). This similarity implies that the Ordovician sediments in the Helanshan area were probably derived from the Alxa Block. An alternative provenance for the Ordovician sediments in the Helanshan is likely the Central Qilian Block. However, the Paleozoic North Qilian arc, which was located between the Central Qilian Block and Alxa Block, would obstruct the Central Qilian Block as a major provenance (Zhang and Others, 2012) . Thus, the Alxa Block and the NCC were probably amalgamated during the Early Paleozoic others, 2011, 2012) . This suggestion is consistent with a regional angular unconformity between the Early and Late Paleozoic strata in the western Ordos Block of the NCC (Li and others, 2012) .
Detrital zircon ages of this study and previous works (Li, 2006; may place constraints on the affinity of the Alxa Block to other continents worldwide in the Early Neoproterozoic. Figure 16 presents a compilation of Precambrian detrital zircon ages for major continents and/or blocks, including the Alxa Block, Cathaysia and Yangtze blocks of South China, eastern Antarctic, southeastern Laurentia, western Baltic, northeastern Australia, western Amazonia, and Tarim Block. (Barby and Gehrels, 2006) , (B) Ordovician sediments from western Ordos (Zhang and others, 2012) , (C) (Meso-?) Neoproterozoic sediments from the Alxa Block (including some xenocryst data from Neoproterozoic igneous rocks; Li, ms, 2006; others, 2007, 2010; this study Fig. 16 . Probability density plots for the detrital zircon ages older than 900 Ma from the Neoproterozoic sedimentary samples from a number of continents and blocks worldwide. Data Sources: Alxa Block (including some xenocryst data from Neoproterozoic igneous rocks; Li, ms, 2006; others, 2007, 2010 ; this study); Eastern Cathaysia others, 2008, 2010) ; Yangtz (Sun and others, 2009; Wang and others, 2010; Wang and others, 2012b) ; Eastern Antarctic (Goodge and others, 2004) ; Southeastern Laurentia (Cawood and others, 2003) ; Western Baltic (Be'eri-Shlevin and others, 2011); Northeastern Australia others, 2001, 2007) ; Western Amazonia others, 2008, 2011) ; Tarim (Shu and others, 2011; and Zhu and others, 2011) . S and N are the number of samples and detrital zircon ages, respectively. Ages of Ͻ1000 Ma and Ͼ1000 Ma were calculated from their The tectono-magmatic events younger than 900 Ma are not discussed here as it is beyond the scope of this study. Figure 16 presents the detrital zircon age patterns for the aforementioned continents/blocks. There seems to be a similarity of detrital zircon age patterns between the Alxa Block and Cathaysia Block of South China ( fig.  16 ), as both blocks exhibit a major age peak at ϳ960 Ma. Such similarity implies that the Alxa Block might be affinitive with the Cathaysia Block in Neoproterozoic time, or sediments in both blocks share similar sources. If this interpretation is correct, this conjectural orogen could be coeval with the ca. 1.0 to 0.9 Ga Sibao Orogen in South China (Ye and others, 2007; Li and others, 2009b) and the 990 to 900 Ma high-grade metamorphic events in both the Eastern Ghats Belt of India and the corresponding Rayner Province in East Antarctica (Mezger and Cosca, 1999; Boger and others, 2000; Fitzsimons, 2000; Kelly and others, 2002) . Thus, the Alxa Block could have been involved in the assembly of Rodinia supercontinent (Li and others, 2008) .
conclusions
We draw the following conclusions based on our new geochronological and geochemical data:
(1) The Neoproterozoic granites in the Alxa Block are S-type granites formed at ca. 930 to 910 Ma. They are highly siliceous and were generated by remelting of predominantly metasedimentary rocks in an orogenesis-related compressional environment.
(2) The Alxa Block has a distinctive evolution from the North China Craton at least during the Neoproterozoic, suggesting that the Alxa Block is probably a separate terrane from the NCC during this time.
(3) Detrital zircon age data indicate that the Alxa Block is likely affinitive with the Cathaysia Block of South China in the Neoproterozoic time. Whereas, it appears akin with the NCC since Ordovician, suggesting that the amalgamation between the Alxa Block and the NCC might take place in the Early Paleozoic time. 
